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CLAIMS 



What is claimed is: 
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1 . In a defibrillator, a shocking circuit connprising: 
^a set of capacitors; and 

itching circuitry connected to the capacitors and operative to 
selectively discharge the capacitors so as to generate a first 
phase of a defibrillation pulse waveform wherein the first 
)hase of the waveform has at least three distinct voltage 
p^' 

The shocking circuit of claim 1 wherein the set of capacitors 
comprises first, second and third capacitors. 




3. The shock>(ig circuit of Claim 2, wherein the switching 
circuitry is operative to: 
15 generate a first step of\the pulse waveform by discharging the 

capacitors while the first, second and third capacitors are 
connected in paralHs 
generate a second step of the pulse waveform by discharging the 
capacitors while the firs^t and second capacitors are 
20 connected in parallel ano^the third capacitor is connected in 

series; and 

generate a third step of the pulse v^aveform by discharging the 
capacitors while the first, second and third capacitors are 
connected in series. 



25 4. The shocking circuit of Claim 3, wherein the switching 

circuitry is operative to selectively discharge the\capacitors during the 
three steps of the pulse waveform for respective first, second and third 
time periods selected to maximize a final myocara(al voltage within 
myocardial tissue receiving the pulse waveform. 
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5. The shocking circuit of Claim 4, wherein the first, second 
third time periods are represented, respectively, by: 





and 



wherein 



K,^l + {C^y{C,+C,+C^)^ 

«i «2 =l-(^^m/T.2). and org =l-{r^/T,^); 




j3 > 



Cs2 = [{Ca + ) • (Cc )]/[c^ + + Cc ] ^ 

Ga, Cs, & Cc are the respective capacitances of the first, second 

and third capacitors; and 
r^is a predetermined nnyocardial tissue time constant. 



6. The shocking circuit of Claim 2, wherein the^apacitance of 
the capacitors are selected so as to minimize the amount of energy to be 
stored in the capacitors while maximizing a final myocardial volta^ge within 
myocardial tissue receiving the pulse waveform. 
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7. The shocking circuit of Claim 6, wherein capacitances of 
trte first, second and third capacitors are represented, respectively, by: 



=0.6673 •(^); 
Cf =\6673 • (^j; and 



Cc"' =1.53X: (x-); wherein 

Rs 'xs a predetek;mined system resistance; and 

Tm\s a predetermined myocardial tissue time constant. 



8. The shocking^circuit of Claim 6, wherein the capacitances 
of the first, second and third capacitors are represented, approximately, 
by: 



^ A 



y^opt 
^ B 



=(f)(t).- 

=(f)(f);and 

-im- 



9. The shocking circuit of Claim 6,^herein the switching 
circuitry is operative to selectively discharge the capacitors during the 
three steps of the pulse waveform for respective fir^t, second and third 
time periods. 

10. The shocking circuit of Claim 9, wherein^he first, second 
and third time periods are represented, respectively, by: 

d^p^ = 0.878- r; 

dl"' = 0.277 • ;and 
d""' = 0.200 r^; wherein 

Tm is a predetermined myocardial tissue time constant. 



\ 
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11. In a defibrillator having a set of capacitors, a method for 
generating a shocking pulse comprising: 
charging the capacitors; and 

selectively discharging the capacitors so as to generate a first 
phase of a defibrillation pulse waveform wherein the first 
phase of the waveform has at least three distinct voltage 
)eaks. 



12. ThsMTiethod of Claim 1 1 for use in a shocking circuit 
having first, second,\and third capacitors and wherein selectively 
discharging the capacitors comprises: 

generating a first step of the pulse waveform by discharging the 

capacitors while the first, second and third capacitors are 

connected in parallel; 
generating a second step of the pulse waveform by discharging the 

capacitors while the first and second capacitors are 

connected in parallel ai^d the third capacitor is connected in 

series; and 

generating a third step of the pul^e waveform by discharging the 
capacitors while the first, seopnd and third capacitors are 
connected in series. 



13. The method of Claim 12, whereinydischarging the 
capacitors to generate the first, second and thirdsNsteps of the pulse 
waveform are respectively performed for first, second and third time 
periods selected to maximize a final myocardial voltage within myocardial 
tissue receiving the pulse waveform. 



14. The method of Claim 13, wherein the first,^econd and 
third time periods are represented, respectively, by: \ 
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a, 



^opt .In 



9 _if2 



1- 



«1 



«2 



v2. 



V 



1-- 



A 



; and 



C a2 



> ; wherein 



^c=i + (Cc)/(c.+c,+Q); 

«1 = 1 - (^m /^^l >v^2 = 1 - (^m /-Z^52 ) , and OTj = 1 - (t^ /t.j ) ; 
^ii — ■ ' ^s2 -\^s ' ^s2 ' and T^3 = /?j • C^3 ; 
C'^i = + + Cc ; 
C,2 = [{Ca +Cb)- {Cc Wt^A + + Cc ] ; 

CU, Cs, & Cc are the respecti^ capacitances of the first, second 

and third capacitors; and 
Tm'\s a predetermined nnyocardial tissue time constant. 



15. The method of Claim 12 further comprising selecting 
optimal capacitances for the capacitors so as tG> minimize the amount of 
energy to be stored in the capacitors while maxirrnzing a final myocardial 
voltage within myocardial tissue receiving the pulse^waveform. 



1 6. The method of Clainn^/wherein the optVnal capacitances 
of the first, second and third capacitors are represented,\espectively, by: 

C7' =0.6673 • (^); 
C""' = 0.6673 •(^); and 
C^"' =1.5356- (^); wherein 
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Rs \s a predetermined system resistance; and 

r^is a predetermined myocardial tissue time constant. 



1A The method of Claim 15, wherein capacitances of the first, 
second anoHhird capacitors are represented, approximately, by: 



^ A 



^ B 



r'opt , 



18. The method of Clami 15 further comprising selectively 
discharging the capacitors during tne three steps of the pulse waveform 
for respective first, second and third Vne periods. 

19. The method of Claim 18, vvherein the first, second and 
third time periods are represented, respectively, by: 

dr = 0.878. T^; 
dl'' = 0.277 • ;and 
d'/' = 0.200 . r; wherein 

r^is a predetermined myocardial tissue time\jonstant. 



20. In a defibrillator having first, second ana\third capacitors, a 
shocking circuit comprising: 

means for charging the capacitors; 

means for generating a first step of a first phase of a Jiefibrillation 
pulse waveform by discharging the capacitors whjle the first, 
second and third capacitors are connected in paraflel; 

means for generating a second step of the first phase of they 

defibrillation pulse waveform by discharging the capaci^o/s 
while the first and second capacitors are connected in 
parallel and the third capacitor is connected in series; and 
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meank for generating a third step of the first phase of the 

defibrillation pulse waveform by discharging the capacitors 
whil^the first, second and third capacitors are connected in 
series. 
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21 . The systenrrqf Claim 20, wherein the means for 
discharging the capacitors to generate the first, second and third steps of 
the pulse waveform respectively lope rate for first, second and third time 
periods selected to maximize a fin^ myocardial voltage within myocardial 
tissue receiving the pulse waveform. 



